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REMARKS/ARGUMENTS 

In view of the remarks and arguments below, Applicant believes the pending application is 
in condition for allowance. 

I. Status of the Claims 

Claims 1 and 3-27 were previously pending. 

Claims 2, 28, and 29 were previously canceled without prejudice to or disclaimer of the 
subject matter contained therein. 

Claims 7, 8, 10, 13, 21, 22, and 26 are canceled in this Amendment without prejudice to or 
disclaimer of the subject matter contained therein. 

Claims 1, 14, and 16 are amended as follows. 

Claims 1 and 16 are amended to change the range of the variable m recited from "2 to 100" 
to "10 to 100" (i.e., "m represents an integer from [[2]]10 to 100"). Support for the amendments 
can be found, for example, iii canceled claim 8 for claim 1, and in canceled claim 22 for claim 16. 
No new matter is infroduced by the amendments. 

Claims 1 and 16 are fiirther amended to recite that "the copolymer exhibits a microphase 
separated structure." Support for the amendments can be found, for example, in canceled claim 13 
for claim 1 , and in canceled claim 26 for claim 16. No new matter is introduced by the 
amendments. 

Claim 14 is amended to place the Markush language recited in proper format (i.e., "selected 
from [[a]]the group consisting of). No new matter is introduced by the amendment. 

Upon entry of this Amendment, claims 1, 3-6, 9, 1 1, 12, 14-20, 23-25, and 27 are pending 
and at issue. 



-9- 



Application No. 10/523,085 

Amendment dated September 12, 2008 

Reply to Non-Final Office Action of May 13, 2008 



Docket No.: 20241 /0202402-USO 



II. Withdrawal of Final Office Action Dated April 9, 2008 

Applicant appreciatively thanks Examiner Bernshteyn for withdrawing the Final Office 
Action dated April 9, 2008, and for issuing in its place the currently outstanding Non-Final Office 
Action dated May 13, 2008.' 

III. Claim Rejections under 35 U.S.C. S 103(a) 

Claims 1 and 3-27 are rejected under 35 U.S.C. § 103(a) as unpatentable over a journal 
article authored by Khan et al.^ ("Khan") in view of United States Patent No. 5,196,484 to Giles et 
al. ("Giles"). The Examiner states that Khan in combination with Giles renders the claims obvious. 

Claims 7, 8, 10, 13, 21, 22, and 26 have been canceled, rendering the rejections of these 
claims moot. 

For the pending claims 1, 3-6, 9, 1 1, 12, 14-20, 23-25, and 27, Applicant respectfully 
traverses the rejections at least for the reasons that: (A) the present invention achieves unexpected, 
superior results that cannot be predicted from Khan and Giles, either alone or in combination; and 
(B) regardless of the results achieved, one of ordinary skill in the art would not be motivated to 
combine Khan and Giles. 

A. Unexpected, Superior Results Achieved by the Present Invention 

The Examiner's rationale for establishing a prima facie case of obviousness relies on the 
alleged close structural similarity between the copolymers of the present invention and those 
suggested by the combination of Khan and Giles."' However, "[a] prima facie case of obviousness 
based on structural similarity is rebuttable by proof that the claimed compounds possess 

' Non-Final Office Action dated May 13, 2008, page 2, lines 13-14. 

^ Ishrat M. Khan, Daryle Fish, Yadollah Delaviz, and Johannes Smid, "ABA Tribloclc Comb Copolymers with 
Oligo(Oxyethylene) Side Chains as Matrix for Ion Transport," Makromolekular Chemie, 190, 1069-78 (1989). 

^ "When chemical compounds have very close structural similarities and similar utilities, without more a prima facie 
case [of obviousness] may be made." Non-Final Office Action dated May 13, 2008, page 3, lines 6-8 (quoting In re 
Wilder, 563 F.2d 457. 461 (CCPA 1977)). 
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unexpectedly advantageous or superior properties."'* Applicant respectfully submits that such proof 
was previously presented. 

Specifically, Applicant previously presented evidence that the claimed arrangement of 
copolymer block chains was nonobvious based on their unexpectedly superior conductive properties 
compared to the prior art.^ The room temperature conductivities of copolymer-LiC104 electrolyte 
complexes disclosed by Khan range from 0.7 to 1.2 x 10"^ Q"' • cm"* (Table 4). In contrast, 
experimental data show that the presently claimed copolymer-LiC104 electrolyte complexes exhibit 
conductivities that are greater by more than an order of magnitude — from 5 x 10"^ to 3.8 x lO""^ Q"' 

• cm"' (Examples 1-4 of the Specification). 

In response, the Examiner stated that "it is worth to mention that Khan discloses that the ion 
conduction can reach values of lO"'* Q"' ■ cm"' at 70°C, depending on salt and styrene content 
(abstract)."^ However, Khan states that " ra]ddition of dimethyltetraethvleneglvcol (2,5,8.1 1.14- 
pentaoxapentadecane') enhances the ion conduction which can reach values of lO"'* Q"* • cm"* at 
70°C . depending on salt and styrene content" (Abstract; emphases added). 

Adding DMTEG,^ a plasticizer, to a polymer electrolyte and increasing temperature 
increases the conductivity of the electrolyte (somewhat at the expense of the mechanical properties 
of the polymer due to the plasticizer).^ In contrast, Applicant measured the conductivities of the 
presently claimed solid polymer electrolytes without DMTEG and at room temperature. 

Accordingly, conductivity measured (1) after the addition of dimethyltetraethylene glycol 
(DMTEG) and (2) at a much higher temperature does not relate to the conductivity measured by 
Applicant, and fails to show that the results of the present invention were ordinary or expected. The 

" MPEP § 2144.09, VII, first sentence. 

^ Amendment filed on May 30, 2007, pages 10- 11. 

* Final Office Action dated August 23, 2007, page 6, lines 4-6. 

^ The acronym "DMTEG" is a shorthand notation for dimethyltetraethyleneglycol (2,5,8, 11, 14-pentaoxapentadecane). 
Khan, p. 1077, Ime 14. 

' Khan, page 1077, second paragraph and Table 3. 
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nature of Applicant's results should only be compared to the data from Khan at room temperature 
and in the absence of DMTEG — from 0.7 to 1 .2 x 10"^ Q"' • cm"' (Table 4). 

Moreover, neither Khan nor Giles suggests that rearranging the block chains of Khan would 
improve conductivity, let alone to the degree discovered in the present invention. In fact, as 
previously argued,^ Khan teaches away from this rearrangement. Khan states that increasing the 
amount of the polystyrene block will lower the conductivity. Accordingly, the conductivities of the 
presently claimed solid polymer electrolytes were not only superior to the those of the prior art but 
also unexpected. KSR Int'l Co. v. Teleflex Inc., 127 S. Ct. 1727, 1740 (2007) ("when the prior art 
teaches away from combining certain known elements, discovery of successfiil means of combining 
them is more likely to be nonobvious"). 

At least for the reasons stated above, Applicant respectfully submits that Khan in view of 
Giles does not render any of claims 1, 3-6, 9, 11, 12, 14-20, 23-25, and 27 obvious, and respectfully 
requests that the rejections of these claims be withdrawn. 

B. Lack of Motivation to Combine Khan and Giles 

Further, according to the Examiner, the only difference between Khan and the present 
invention is the sequence of the block chains A, B, and C.'° The Examiner's position is that it 
would have been obvious to one having ordinary skill in the art to place the A block in the middle of 
the Khan ABA block (i.e., to form a BAB block copolymer) as taught by Giles in order to reduce 
ambient temperature crystallization.^' 

However, the motivation cited by the Examiner ("to reduce ambient temperature 
crystallization") does not relate to block chain rearrangement. Giles teaches that short oxyalkane 
sequences, i.e., low values of m, are desirable to reduce ambient temperature crystallization. 



' Amendment filed on May 30, 2007, page 9, last paragraph. 

Non-Final Office Action dated March 8, 2007, page 4, lines 1-3. 
" Non-Final Office Action dated March 8, 2007, page 5, lines 3-8. 
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Preferably, the value should lie between 7 and 17.'^ Based on this teaching, a skilled artisan that 
wished to reduce ambient temperature crystallization would use short oxyalkane sequences. 
Therefore, a skilled artisan that wished to reduce ambient temperature crystallization in the Khan 
ABA block copolymer, namely, 

A B A 

CHj CH, 

1 ' ! ' 

(TSGS) 

would shorten the oxyethylene side chains. Contrary to the Examiner's contention, this would not 
result in a rearrangement of the block chain sequence; it would only affect the length of the side 
chains in the A blocks. 

At least for this reason. Applicant respectfully submits that one of ordinary skill in the art 
would not have been motivated at the time of the present invention to rearrange the Khan ABA 
block copolymer. 

In addition, while the Examiner states that the "instantly claimed block chain A also could 
contain low values of m beginning with number 2,"''' the block chain A recited in claims 1 and 16 
as amended no longer contains low values of m. (The remaining pending claims 3-6, 9, 11, 12, 14, 
and 15 depend from claim 1, and claims 17-20, 23-25, and 27 from claim 16.) Also, one of ordinary 
skill in the art would know that having long oxyalkane sequences would make it difficult for the 
living anion polymerization process during synthesis to proceed smoothly. 



Giles, column 5, lines 8-15. 
" Non-Final Office Action dated May 13, 2008, page 3, lines 17-18. 
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For this additional reason, Applicant respectfully submits that one of ordinary skill in the art 
would not have been motivated to rearrange the Khan block copolymers to arrive at the present 
invention. 

Further, while the Examiner states that Giles discloses ABA triblock copolymers, Giles 
neither discloses nor teaches examples demonstrating that ABA triblock copolymers with a 
microphase separated structure can be prepared actually. Giles discloses the so-called "iniferter" 
method as a method to be adopted for synthesizing such h-iblock copolymers.''* The term "iniferter" 
is an abbreviation of "initiator-transfer agent-terminator," ' ^ and the iniferter method is one of living 
radical polymerization methods. 

Although the iniferter method allows the radical polymerization to take place in a living 
manner, the control of the polymerization is quite difficult. Therefore, the iniferter method tends to 
broaden the molecular weight distribution of the resulting polymers and cause termination of the 
polymerization or dimerization. For this purpose. Applicant submits an article taken from pages 
121-126 of the book titled "Radical Polymerization Handbook" as Exhibit A, and an EngUsh 
translation of the article as Exhibit B. The article was authored by T. Otsu. In introducmg the 
iniferter method, Giles ches a journal article also co-authored by T. Otsu.'^ The Radical 
Polymerization Handbook was first published in 1999. 

In contrast to the iniferter method, it is well known to one having ordinary skill in the art that 
the formation of a microphase separated structure requires a narrow molecular weight distribution 
and a controlled molecular weight. 

Accordingly, Applicant respectfully submits that it would not have been obvious at the time 
of the present invention for one having ordinary skill in the art to obtain a copolymer having a 
microphase separated structure by incorporating polymethacrylate with an oligo(oxyethylene) block 



Giles, columB 7, lines 9-11. 
Exhibit B, page 3, lines 8-9. 
Giles, colxmin 7, lines 9-11. 
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in the middle in accordance with the methods disclosed or taught by Khan or Giles to arrive at the 
subject matter of claim 1 or 16. The remaining pending claims depend from claim 1 or 16. 

At least for the reasons stated above. Applicant respectfully submits that Khan in view of 
Giles does not render any of claims 1, 3-6, 9, 11, 12, 14-20, 23-25, and 27 obvious, and respectfully 
requests that the rejections of these claims be withdrawn. 



In view of the foregoing, it is believed that pending claims 1, 3-6, 9, 11, 12, 14-20, 23-25, 
and 27 are in immediate condition for allowance and it is respectfully requested that the application 
be reconsidered and that all pending claims be allowed and the case passed to issue. 

If there are any other issues remaining which the Examiner believes could be resolved 
through a Supplemental Response or an Examiner's Amendment, the Examiner is respectfully 
requested to contact the undersigned at the telephone number indicated below. 

Dated: September 12, 2008 Respectfully submi^dL^ jj 



CONCLUSION 




Registration No^: Reg. No. 47,522 
DARBY & DABBY P.O. 
P.O. 'Qoxlio/ 
New York, New York 10008-0770 
(212) 527-7700 
(212) 527-7701 (Fax) 
Attorneys/Agents For Applicant 
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LIVING RADICAL POLYMERIZATION USING INIFERTER METHOD 



1. Introduction 

In 1956, Szwarc'^ reported that a living polymer is generated from the 
polymerization of styrene using sodium naphthalene. The delivery of the living 
polymerization had a great impact on the control of the primary structure (such as 
molecular weight, molecular weight distribution, and end group structure) of 
macromolecules or the design and synthesis of telechelic, block, and graft polymers. 
Thereafter, the living polymerization was considered as the origin of the structure control, 
the living of anion polymerization, cation polymerization, radical polymerization, ring- 
opening polymerization, coordination polymerization, metathesis polymerization, and 
polycondensation was accomplished fifom 1970, and the living systems such as group 
transfer polymerization, immortal polymerization, and new transition metal catalyst 
polymerization were reported^^'^l 

The living systems other than the radical polymerization w^ constructed with the 
development of a new catalyst system , However, the living radical polymerization could 
not proceed in a living manner in the presence of a usual catalyst (initiator), because the 
radical polymerization proceeded via chain reaction while fomiing electrically-neutral 
short-lived free radical intermediates as growth-activated radicals. Although there are 
long-lived free radicals such as DPPH or verdazyl, the radicals serve as polymerization 
inhibitors and are called stable radicals, which are not the living radicals mentioned herein, 
The living radical polymerization relates to how to elongate the lifetime of a short-lived 
radical into a long lifetime, In order to prevent the deactivation of the growth radical by 
making the mobili^ of the living radical zero, the polymerization was tried in an emulsion 
system, a precipitation system, a freezing system, a micro gel system, or a high-viscosity 
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medium. However, the growth radicals were detected in ESR but the living 
polymerization did not proceed in a living maiiner^^^^ 

From this point of view, the introduction of a new idea was required to construct 
the homogeneous-system living radical polymerization. In 1982, OTSU et al, suggested 
ai) iniferter method^^ and a homogeneous-system living radical polymerization raodel^°^ for 
controlling and designing the end group structure of polymers generated by the radical 
polymerization. In recent years, the terms "iniferter" or the "living radical 
polymerization" using the iniferter were widely used but often misunderstood. In this 
description, the basic way of thinking thereabout is arranged and the relation thereof to the 
recent studies is also described. The details thereof is referred to in the Introduction"^'*'*^ 
The design and synthesis of the block and graft polymers will be described in another 
document'^'. 

As widely known, the radical polymerization is effective for the polymerization of 
vinyl monomers and a large amount of general-purpose vinyl polymers are mdustrially 
produced. However, the control of the molecular weight distribution or the primary 
structure (particularly, stereoscopic structure) was not satisfactorily advanced. In recent 
years, the structure analysis of the radical polymerization such as the living radical 
polymerization or the precise stmcture or speed analysis of the growth radicals in the ESR / 
pulse laser polymerization have been actively developed. Accordingly, the advancement 
as the precise polymerization method having the merit of radical polymerization is 
expected^^^^l 

2. Iniferter 

The radical polymerization is stopped due to the recombination and non- 
homogeneousness, and polymers in which initiator pieces are coupled to both ends or one 
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end thereof are produced unless the chain transfer occurs. Since the occurrence of both 
reactions depends on the monomer structure, it is difficult to control the end group structure 
of the polymers. If an initiator (R-R) easily causing at least one of the chain transfer to the 
initiator and the primary radical stop is used, polymers in which pieces of the initiator (R) 
are coupled to both ends are formed. 

This reaction is only an insertion reaction of monomers into the initiator. The 
initiator having such a function was named an "iniferter" (abbreviation of MtiatoHransJfer 
agent-terminator), Formula 2 illustrates the living radical polymerization model described 
below. The function of telogen (chain transfer agent) in telomerization results from the 
insertion reaction of monomers. For example, when CCI4 Is used as telogen, the reaction 
shown by Formula (3) occurs. 




» 1 » 



cw:-a+*M-»aiC~Hi\4);-ci la? 
An iniferter used in 1982 was a sulfur compound such as phenyl azotriphenyl 

methane (4), tetraphenyl ethane (X=C2H5, CN, OCgHs, or the like) (5), or tetraethyl thiuram 
disulfide (6f^^\ The former two compounds serve as a thermal iniferter and the latter 
serves as an optical iniferter. ' 
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Here, it was also discovered that the end groups of the produced polymers (4) to (6) 
serve as the thermal or optical iniferter (referred to as macromolecule iniferter). The 
iniferter bond in each case is C-C (trityl), C-C (diphenyl methyl), or C-S bond. In recent 
years, the iniferter bond in the living system of styrcne/nitroxide is C(C6Hs)-0N- bond'^'. 
The reaction is the insertion reaction of monomer thereto. By polymerizing a second 
monomer using the polymer iniferter, various block polymers are produced. For example, 
10 are obtained from 9. 

In this way, functional, teleohelio, block, or graft polymers are designed and 
synthesized by using various iniferters. 

3, Homogeneous Living Radical Polymerization Model 

As shown in Formulas 2 and 4 to 7, v^4ien monomers are incorporated in the 
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iniferter bonds in radical polymerization, the radical polymerization proceeds in a living 
manner. The insertion of monomers occurs with the dissociation of the iniferter bonds, the 
addition of monomers, or the primary radical termination (PRT). The homogeneous living 
radical polymerization model using the iniferter suggested in 19S2 is expressed by Formula 
8, Here, CT is a chain transfer to the iniferter bond (C-B) and the reaction is not 
associated with the model expressed by Formula 8. 
^ r wi. »j« ■» a ttm/cf 

X X 

10 n at 

''■^CH,-CH'3r'"CHy"CH--lii3: 11^12 

" to " 

Here, 11 and 12 are produced by the dissociation of C-B bond of 10. 1 1 is a 
growth radical which reacts with M. 12 does not have an initiation fiinction in principle, 
but reacts with only 11 to return to 10, as shown by Formula 9. 

-"CMp-B* CM, •+12 
10 tl 

Thus, the C"B bond of 10 is a polymer iniferter deemed as a dormant seed of 11. 
When polymerization occurs in this model, the molecular weight increases with time 
(polymerization rate) (FIG 1), and the produced polymer may be used to synthesize block 
polymers or the like. An example thereof is the living radical polymerization of styrene 
(St) or methyl methacrylate (MMA) using 4 to 6 as iniferter. 
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Time Ox) 

122I-3.8X I0"'mol - f " ' (O, D) » 30t 

FIG. 1 Relations between the time-polymerizatiou rate and between time and molecular 
weight in photopolymerization of St using 21 and 22 

Although these polymerizations are coincident with living ion polymerization in 
terms of the increase in molecular weight of the produced polymers and the production of 
the block polymers, the molecular weight distribution is not close to mono-dispersion (see 
FIQ 2). 
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ElutionTimedmn) 
[21] = 7.5 X 10-3 mom 
Bulk polymerization at SO'C 

FIG 2 GPC curve of polystyrene (St) obtained by photopolymerization using 21 

In the ion polymerization, the initiation reaction occurs rapidly in comparison with the 
growth reaction and no bimolecular termination occurs. In contrast, the initiation reaction 
is slow, the growth reaction is rapid, and the bimolecular termination also easily occurs in 
accordance with the increase in concentration of 1 1 in the radical polymerization. 
Accordingly, the structure control in the radical reaction requires that the reaction is carried 
out at a low temperature to enhance the selectivity of 1 1 , Since the thermal iniferters such 
as 4 or 5 triggers the polymerization at 70°C to lOO'C, the substitution of 11 and B in 
benzene nucleus occurs as the side reaction and the living property is deteriorated. Sine 
the polymerization using the sulfur-based photo-iniferter (~~C-S) such as 6 proceeds at a 
room temperature, the side reaction can be avoided. However, since the reaction of U and 
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B • (PRT) proceeds slowly in comparison with the (growth) reaction of 1 1 and M of 
Formula 9, the growth reaction proceeds in chains and the polymers close to the mono- 
dispersion cannot be obtained. 

In 1994, Georges et al."^ synthesized poly St with Mvy/Mn=12,7 by heating 2,2,6,6,- 
tetramethylpeperidinyl-l-oxyl (TEMPO), benzoil peroxide, and St at 95'C for 3.5 hours 
and polymerizing them at 123'C for 69 hours. The iniferter bond (C(C6Hs)-0N-) is 
produced in the first stage of the reaction and a St monomer is inserted Into the bond. 
Although the bond has high bonding-dissociation energy, the reaction at 123*0 for 69 hours 
exceeds the expectation, the side reaction is hindered in structure, and B • is a stable 
radical (inhibitor). Accordingly, it is considered that the condition for the living radical 
polymerization is satisfied and thus the production of the polymer (here, poly St) exhibiting 
approximate mono-dispersion is realized by the radical polymerization. A lot of 
researchers are currently dedicated to the study and new developments are expected^'^^\ 

4. Iniferter Method and Functional Classification and Application thereof 

The method for desiping an end group structure of a polymer and designing a 

block polymer using an iniferters is called the iniferter methods. A sulfur-based photo- 

iniferter method will be described below.^^'> 

The iniferters are functionally classified into two types of A-B and B-B, 

Here, A ' is a high-reactive radical and B • is a non- (or low-) reactive radical, 
whesre contribute to the initiation and termination, respectively. 

B-B saf* »« + *B B — * M *r * 

Here, B * is a low-reactive radical and contributes both the initiation and 
termination reactions. When St is polymerized using disulfide 6 of the B-B type as the 
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photo-iniferter, polymer 13 is produced. 

n 

Iniferter groups are coupled to both ends of 1 3 . However, the end group 
structures 14 and IS are different from each other in terms of the previous monomer unit, 
and the bonding positions to be photodissociated, That is, 
Right (h) end group: 

6 1 6 1 

14 19 m 

Left (t) end group; 

6 I 6 ^ 

If a bonding of 14 shown by the arrow is dissociated, polystyryl radical 16 as the 
growth radical 1 1 is ):«produced &om the end of 14 and low-reactive thiyl radical 17 is 
produced at the same time. Low-reactive polyphenylethyl thiyl radical 1 8 and high- 
reactive carbon radical 19 are produced from the end of IS and U is not reproduced. 
Accordingly, this is not suitable to design the end structure, and the iniferter of A-B type by 
which n is necessari ly reproduced should be used. In general, the living property and the 
block efTiciency of the A-B type are higher. 

The classification of iniferters in view of functionality and application is shown in 

l^ble 1. 
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Table 1 ClassiFioation and AppUoation of Iniferters in view of Functionality 



1 


Thermal Iniferter (thermally functioning) 


4, 5, or the like. 


2 


Photo-iniferter (photoohemioally functioning) 


5, 6,21,22, or the like. 


3 


Polymer iniferter (bond of polymer functions as a 
thermal iniferter) 


MMA polymers (such as 8) 
obtained ftom S or 4, or the 
like. 


4 


Polymer iniferter (bond of polymer functions as a phot- 
iniferter) 


Polymers (such as 9, 10, or 13) 
obtained from 6, 21 , or 22, or 
the like. 


5 


Mono-functional iniferter (functional group is 
introduced into one end of a polymer) 


21, or the like. 


6 


Mono-functional polymer iniferter (for synthesis of AB 
type block polymer) 


St polymers obtained firom 2 1 , 
or the like, 


7 


Bi-functional iniferter (functional groups are introduced 
into both ends of a polymer) 


22, or the like, 


8 


Bi-functional polymer iniferter (for synthesis of ABA 
type block polymer) 


St polymers obtained from 22, 
or the like. 


9 


3 or more functional iniferter (for synthesis of star or 
comb type polymer) 


23, 25, or the like. 


10 


Multi-functional polymer iniferter (having many 
iniferter groups in a polymer and available for synthesis 
of star, graft, or cross-linking polymers) 


24, or the like. 


11 


Monomer iniferter (having a polymeric double bond and 
photo-iniferter group and available for synthesis of a 
macromer or synthesis of a graft copolymer using it) 


25, or the like 


12 


Polymer gel iniferter (for synthesis of a block 
copolymer having many different block units) 


26, or the like. 



S. Features of a Living Radical Polymerization using an Inifert;er 
5. 1 Polymerization using Thermal Iniferters 4 and 5 

Thermal iniferters 4 and 5 are A-B type and B-B type of thermal iniferters, 
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respectively, and trigger the radical polymerization of St or MMA at 70^0 to 1 OO^C 
(Formulas 4 and 5), and produce polymers 7 and 8, The polymerization of St which is a 
mono-substituted ethylene does not proceed in the living manner, but the polymerization of 
MMA which is a 1 , 1 -di-substituted ethylene proceeds in the living manner, The study 
using the model compounds demonstrated that the radical dissociation of the right (h) end 
group bond (20) of 7 or 8 having a 6»substituted ethane structure occurred in MMA. The 
radical dissociation of St having a 5-substituted ethane structure, or a left (t) poly St or 
MMA ends having a 4-substituted ethane structure did not occur at 70*0 to 100°C. 
Accordingly, the polymers 7 and 8 obtained firom MMA serve as mono-functional polymer 
iniferters and give the A-B type block polymers, However, the living property and the 
block efficiency are not high. 

f 9 

V X 

Poly MMA end: Z^CHj, Y=COOH, X^CN or CeHs 
Poly St end: Z=H, Y= CeHs, X=CN or QHs 

5,2 Polymerization using Dithiocarbamate Photo-Iniferter 

As described above, 6 is a B-B type photo-inifater, and 6 and polymer (polymer 
photo-iniferter) 9 produced therefrom are different in inifefter bond. This is not desirable 
for polymer design. In addition, in order to avoid the complication resulting from the 
initiation reaction, the same iniferter bond as that of the growth end can be used. Various 
functional A-B type diethyl and dithiocarbamate-based photo-iniferter described below 
were synthesized and used (see Table 1 for the functions and applications). 
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Mono-functional 21 
Bi-fiinctional %% 



^ f 



8 S 

Tetra-functional (cross-linking) 23 



Multi-fiinctional (cross-linking) 24 



% 

Polymerized 25 
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Gelated 26 

21 to 26 are all photo-iniferters and triggered the living radical polymerization. 
For example, the time-polymerization relation is shown in FIG 1 where the polymerization 
of St was carried out using 21 and 22 having the same concentration per iniferter bond. 
Both can be seen m the same curve. The molecular weight increases with time, but the 
molecular weight of 22 having bi-fiinctionality is double that of 21 having mono- 
functionality. Similarly, it was observed that the gelation occurs in 23 having tetra- 
functionality. However, as shown in FIG, 2, the degree of dispersion of the produced 
polymer is similar to tliat of the usual radical polymerization (MMr^)> ^^^^ to 
increase to only some extent in 2 L The addition of 6 was tried to promote the reaction of 
1 1 and 12 in Formulas 8 and 9, but the living property was improved to some extent. This 
is probably because B ■ in the dithiocarbamate-based photo-iniferter is thiyl radical and 
has a low initiation function. In this point, the dithiocarbamate-based photo-iniferter 
difTers from a styrene/nitroxide iniferter. 

6. Design and Synthesis of Star, Block, Graft, and Cross-linlcing Polymers 

As shown in T^ble 1, various polymers described above could be designed and 
synthesized by using various functional dithiocarbamate photo-iniferters, but the molecular 
weight distributions thereof could not be controlled. The synthesis of block and graft 
polymers would be described in another documait'^'. 
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7. Conclusion 

The synthesis of polymers using various iniferters, particularly, a dithiocarbamate- 
based photo-iniferter, has been described above. 

As a result, the design and synthesis'^'' of various polymers were possible. The 
iniferter method was treated as one chapter in recent written reportsl2) and the application 
of an iniferter method to medical instrument materials has advanced^^\ 

However, strictly speaking, the living radical polymerization model of Formula 8 
does not fUnction in the present dithiocarbamate-based photo-iniferter method and the 
control of the molecular weight distribution was not possible as the result of some side 
reactions, This cannot be said as precise polymerization. The recent use of 
styrene/nitroxide thermal iniferter enabled the living radical polymerization of St and the 
precise synthesis of poly St exhibiting an approximate mono-dispersion. It opens the road 
to the precise synthesis of polymers of which the molecular weight distributions are 
controlled by converting the radicals of other living ion polymerization into the iniferter 
groups to polymerize the living radicals. Further development is expected in the future. 
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